Also, the infusion of isoproterenol into the renal artery is associated with an increase in the excretion of solute-free water rather than antidiuresis (6). These two pieces of evidence cast doubt on the concept that the antidiuretic effect of isoproterenol in the intact dog is mediated by a direct effect of the drug on renal medullary cyclic AMP.
Levi, Grinblat, and Kleeman (13) reported that the intravenous infusion of isoproterenol in rats with congenital diabetes insipidus produced antidiuresis similar to that of vasopressin (13); these authors suggested a direct effect of isoproterenol on the renal tubule, probably through the generation of cyclic AMP. However, no data are available on the effect of this drug on renal medullary cyclic AMP in the rat.
In an effort to further evaluate the mechanism(s) underlying the effect of alpha-and beta-adrenergic stimuli and their interaction with vasopressin on water excretion, studies were carried out to examine the effects of these drugs on renal medullary cyclic AMP of the rat.
METHODS
Measurement of cyclic AMP concentrations in isolated tubules of renal medulla. Suspensions of isolated tubules were prepared by a modification of the method of Howard and Pesch (10) as reported by Nagata and Rasmussen (16). Male Wistar rats, weighing 180-200 g, were used. The rats have free access to water until the time of decapitation.
The kidneys were quickly removed, bisected, and transferred to ice-cold calcium-free Hank's solution.
The medulla was dissected from cortex and was minced finely by a tissue press (Johnson Foundation, University of Pennsylvania) and then incubated at 37 C in 5 ml of an enzyme solution, with air as the gas phase, in a metabolic shaker oscillating at a rate of 826 K. KUROKAWA AND S. G. MASSRY 70-90 oscillations/min for 60 min. The enzyme solution contained 40 mg/ 100 ml collagenase, 100 mg/lOO ml hyaluronidase (Sigma Chemical Co., St. Louis, MO.), 25 mg/ 100 ml streptomycin sulphate, 10 mg/lOO ml penicillin, and 100 mg/lOO ml glucose dissolved in Hank's solution with 1.0 mM CaCl,; the osmolality of the media was 298 mOsm/kg HZO. At the end of the digestion procedure, the tubules were dispersed by gentle pipetting with a broadtipped 5-ml serological pipette. The content of the flask was then filtered through a two-layer nylon stocking. The filtrate was centrifuged at 50 X g for 2 min at room temperature.
After discarding the supernate, the sediment was resuspended in 10 ml of calcium-free Hank's solution and the mixture was centrifuged again; this washing procedure was repeated twice. The preparation of isolated tubules from the renal cortex was done in a similar way as described above. Renal cortical tubules, containing 5-6 mg proteins, were incubated at 37 C for 5 min in 1.1 ml of Krebs-Ringer-bicarbonate buffer, pH 7.4, containing 2 % bovine serum albumin, 2 mM theophylline with a mixture of 95 % 02 and 5 % CO2 as a gas phase. Then, parathyroid hormone, vasopressin, or isoproterenol was added in a total volume of 10 ~1, and the incubations were continued for an additional 5 min at 37 C; 0.9 ml of 10 % trichloroacetic acid was added to the media. The extraction procedure of cyclic AMP and its measurement were performed as described for medullary tubules.
RESULTS
Effect of uasopressin and parathyroid hormone. The effects of the various agents studied on the concentration of cyclic AMP of renal cortical and medullary tubules are presented in Table  1 . Vasopressin significantly increased the concentration of cyclic AMP in renal medullary tubules, and the concentrations were greater than twice the control values. Increasing concentrations of vasopressin which are higher than the physiological levels of the hormone were used to define the dose-response relationship between the hormone concentration and cyclic AMP production in the in vitro preparation.
There was a dose-response relationship between the concentration of vasopressin in the incubation media and the concentration of cyclic AMP in the medullary tubules (Fig. 1) . This hormone produced a slight but significant (P < 0. The difference between our results in rats and those of Beck et al. (3) in dogs may be due to species differences.
Our observations indicate that the antidiuretic effect of intravenous administration of isoproterenol to the rat is not related to a direct effect of this drug on the adenyl cyclase-cyclic AMP system of the renal medulla. The antidiuresis observed by Levi et al. (13) (11, 14) , and toad bladder (9, 23). Evidence obtained
